have recently shown that removal of sialic acid (N-acetylneuraminic acid, NANA) in vivo from many serum glycoproteins reduces their half-life in vitro. Removal of sialic acid from the surface of lymphocytes has been shown to alter their distribution in various organs (Woodruff and Gesner, 1969) . It is also known that senescent red cells have reduced membrane sialic acid and a lower net surface charge as compared with young red cells (Greenwalt, Steane, and Pine, 1971) . Because of the possibility that red cell membrane sialic acid might be a determinant of survival in vivo, we examined the relationship between haemolysis, erythrocyte membrane sialic acid, and hepatic neuraminidase (sialidase) levels in bile duct-ligated rats.
Material and Methods

EXPERIMENTAL CHOLESTASIS
Inbred adult male Fischer rats (Sprague-Dawley Co, Madison, Wisc) weighing between 200 and 250 grams were used in all experiments. Cholestatic jaundice was produced by dividing the common bile duct between two ligatures under light ether anaesthesia. The sham operation simulated this procedure closely except that the common bile duct was mani-794 pulated but not ligated or divided. All studies on these rats were performed between the fifth and seventh day after bile duct ligation.
MEASUREMENT OF RED CELL SURVIVAL AND ORGAN DISTRIBUTION Red cell survival was performed using Na2 51Cr 04 as previously reported (Powell et al, 1968 homogenates from bile duct-ligated and control rats. Both the endogenous activity, which represents removal of sialic acid from glycoproteins and glycolipids within the liver homogenates, and the exogenous activity using sialyllactose as substrate, were significantly greater in the livers of bile duct-ligated rats.
We were unable to demonstrate significant neuraminidase activity in the plasma of bile ductligated or control rats using sialyllactose as substrate.
Discussion
The results of this study demonstrate that mild treatment of rat erythrocytes with Vibrio cholerae neuraminidase results in a significant decrease in red cell survival. Furthermore it would appear from these results that removal of only 17 % of total membrane sialic acid is required to effect this decrease in erythrocyte survival. Similar though more severe haemolysis was produced by Gilcher, Glader, and Conrad (1970) and Gilcher and Conrad (1971) by treating rat erythrocytes with neuraminidase. These investigators found that treated erythrocyteswere less easily deformed and were removed by the spleen and liver. They concluded that the haemolysis resulting from neuraminidase treatment was due to reduction in cell surface charge and the consequent decreased liability for the cells to be deformed and increased removal by the reticuloendothelial system. The degree of reduction of red cell survival found in the present study using neuraminidase was comparable to that resulting from bile duct ligation in rats. Powell et al (1968) showed that bile duct ligation resulted in a reduced red cell survival from a TI of 13.4 days to eight days in Sprague-Dawley rats and from 15.5 to 5.5 days in Wistar rats. In these experiments the red cell survival studies were begun 12 days after bile duct ligation. A further decrease in survival was demonstrated 28 days after bile duct ligation.
Neuraminidase treatment has also been shown to reduce the half-life of serum glycoproteins by enhancing hepatic removal. Ashwell and Morell (1971) have shown that removal of 15 to 25 % of sialic acid from caeruloplasmin resulted in a markedly decreased plasma half-life. These workers have further shown that exposure of a galactose moiety on the glycoprotein side chains is the key determinant in enhanced hepatic clearance. The mechanism of removal of desialated serum glycoproteins has recently been postulated to involve a galactosyltransferase enzyme on the cell surface of the hepatocyte which binds to the exposed galactose residue of the glycoprotein (Aronson, Tan, and Peters, 1973) . Whether removal of erythrocytes by the reticuloendothelial system involves similar molecular mechanisms is currently unknown.
Our findings of an increase in liver neuraminidase and decrease in erythrocyte sialic acid in bile duct ligated rats are consistent with the hypothesis that one or more neuraminidases present in increased amounts in the bile duct ligated livers are responsible for the removal of sialic acid from circulating erythrocytes and subsequent removal of these cells in the reticuloendothelial system, predominantly in the spleen. Neuraminidase in mammalian liver is located primarily in plasma membranes and lysosomes (Horvat and Touster, 1968; Schengrund, Jensen, and Rosenberg, 1972 (Warren and Spearing, 1960) . Thus, this study has shown that bile duct ligation in rats results in a pronounced increase in liver neuraminidase and a significant reduction in red cell sialic acid, which is responsible for red cell surface change and liability to become deformed. Further, neuraminidase treatment of red cells in vitro releases surface sialic acid and results in a decreased red cell survival in vivo. Whether these observations are pertinent to the pathogenesis of the haemolysis associated with human liver disease will require similar studies in jaundiced patients.
